Background Alternative payment models, such as the Centers for Medicare & Medicaid Services (CMS) Bundled Payment for Care Improvement (BPCI) initiative, aim to decrease overall costs for hip and knee arthroplasties. Questions/purposes We asked: (1) Is there any difference in the CMS episode-of-care costs, hospital length of stay, and readmission rate from before and after implementation of our bundled-payment program? (2) Is there any difference in reimbursements and resource utilization between revision THA and TKA at our institution? (3) Are there any independent risk factors for patients with high costs who may not be appropriate for a bundled-payment system for revision total joint arthroplasty (TJA)? Methods Between October 2013 and March 2015, 218 patients underwent revision TKA or THA in one health system. Two hundred seventeen patients were reviewed as part of this study, and one patient with hemophilia was excluded from the analysis as an outlier. Our institution began a BPCI program for revision TJA during this study period. Patients' procedures done before January 1, 2014 at one hospital and January 1, 2015 at another hospital were not included in the bundled-care arrangement (70 revision TKAs and 56 revision THAs), whereas 50 revision TKAs and 41 revision THAs were performed under the BPCI initiative. Patient demographics, medical comorbidities, episode-of-care reimbursement data derived directly from CMS, length of stay, and readmission proportions were compared between the bundled and nonbundled groups. Results Length of stay in the group that underwent surgery before the bundled-care arrangement was longer than for patients whose procedures were done under the BPCI (mean 4.02 [SD, 3.0 days] versus mean 5.27 days [SD, 3.6 days]; p = 0.001). Index hospitalization reimbursement for the bundled group was less than for the nonbundled group (mean USD 17,754 [SD, USD 2741] versus mean USD 18,316 [SD, USD 4732]; p = 0.030). There was no difference, with the numbers available, in total episode-ofcare CMS costs between the two groups (mean USD 38,107 [SD, USD 18,328] versus mean USD 37,851 [SD, USD 17,208]; p = 0.984). There was no difference, with the numbers available, in the total episode-of-care CMS costs between revision hip arthroplasties and revision knee arthroplasties (mean USD 38,627 [SD, USD 18,607] versus mean USD 37,414 [SD, USD 16,884]; p = 0.904). Disposition to rehabilitation (odds ratio [OR], 5.49; 95% CI, 1.97-15.15; p = 0.001), length of stay 4 days or greater (OR, 3.66; 95% CI, 1.60-8.38; p = 0.002), and readmission within 90 days (OR, 6.99; 95% CI, 2.58-18.91; p \ 0.001) were independent risk factors for high-cost episodes. Conclusions Bundled payments have the potential to be a viable reimbursement model for revision TJA. Owing to the unpredictable nature of the surgical procedures, inherent high risks of complications, and varying degrees of
Introduction
THAs and TKAs are among the largest and fastest-growing healthcare expenditures [7, 13, 14] , totaling USD 6.6 billion in Medicare payments for 2013 alone [4] . While costs of primary total joint arthroplasties (TJA) tend to be fairly predictable, revision TJAs have a greater degree of surgical complexity and inherent risk of complications. As policymakers, hospitals, and insurers attempt to improve cost utilization, alternative-payment models such as bundled payments have increased in popularity, with the hopes of streamlining all costs associated with an episode of care. The Centers for Medicare & Medicaid Services (CMS) rolled out the Bundled Payment for Care Improvement (BPCI) initiative in 2011 to align incentives among healthcare stakeholders to reduce the cost to Medicare for joint replacements [5] . Although bundled payments for primary joint arthroplasty have been shown to be a feasible alternative to traditional fee-for-service payments [3, 8, 10] , it has yet to be determined if bundled payments are appropriate for revision TJA.
Revision hip and knee arthroplasties have added to the increasing costs associated with TJA, owing to the rising number of these procedures being performed [13] . A revision TJA generally incurs greater costs than a primary TJA and is of particular interest, and challenge, when considering how to curb costs through a bundled-payment system [9] . Concerns exist about bundling revision arthroplasty because of a complex and heterogeneous patient population, higher rate of complications, and substantial variability and difficulty in surgical cases. Bundling all postoperative care within 90 day is of particular concern in revisions, because a substantial proportion of readmissions are the result of medical issues unrelated to the index surgical procedure [17] .
The purpose of our study was to evaluate the viability of our institution's bundled payment model for revision THA and TKA. We therefore asked: (1) Is there any difference in CMS episode-of-care costs, hospital length of stay, and readmission rate from before and after implementation of our bundled-payment program? (2) Is there any difference in reimbursement and resource utilization between revision THA and TKA at our institution? (3) Are there any independent risk factors for patients with high costs who may not be appropriate for a bundled-payment system for revision TJA?
Patients and Methods
Between October 2013 and March 2015, 218 patients underwent revision TKA or THA in one health system. Two hundred seventeen patients were reviewed as part of the study, and one patient with hemophilia was excluded from the analysis as a cost outlier. This patient required continuous factor infusion throughout his hospital stay, totaling more than USD 6 million in CMS reimbursement. An exclusion from our bundle was granted by CMS. This study was approved by and conducted according to our institutional review board standards. We queried the health system's financial database for all patients during the study period in the Diagnosis Related Groups (DRG) 466, 467, or 468, corresponding to revision THA and TKA. Diagnosis and type of revision surgery also were noted. Financial data were derived directly from CMS cost data, pulled by our third-party bundle convener. Surgery was performed by one of seven fellowship-trained arthroplasty surgeons at both facilities.
Procedures done before January 1, 2014 at one hospital and January 1, 2015 at another hospital were not included under the bundled-care arrangement (70 revision TKAs and 56 revision THAs), while those done after those dates were performed under the BPCI initiative (50 revision TKAs and 41 revision THAs). Both hospitals are affiliates of the same health system, in the same city, and serve the same patient population. Preoperative medical risk-stratification programs, perioperative pain and rehabilitation protocols, and postdischarge provider networks generally are standardized between campuses. Implant costs are standardized between hospitals. There were 110 patients at the first hospital and 106 at the second hospital. There was no difference, with the numbers available, between patients at either hospital with respect to age (mean 67.5 years [SD, 13.0 years] versus mean 67.4 years [SD, 11.5 years]; p = 0.916), BMI (mean 32.0 kg/m 2 The BPCI included all costs associated with the index hospital admission and all care up to 90 days postdischarge. CMS cost data included anchor inpatient admission, postdischarge care (skilled nursing facility, inpatient rehabilitation, or home health care), Medicare Part B payments, readmission reimbursement, and durable medical equipment. Implementation of the BPCI at both hospitals included education of attending surgeons, orthopaedic floor nurses, physical therapists, social workers, and residents to streamline care for patients undergoing revision joint arthroplasty. Emphasis was placed on reducing length of stay through early rehabilitation and standardized pain protocols. Patients were educated preoperatively on the benefits of disposition to home postoperatively. Improved communication with subacute facilities and the emergency room helped minimize readmissions. Patients enrolled in the bundled-payment initiative were flagged in the electronic medical record to alert providers when considering discharge or readmission to the hospital.
We collected cost data, patient demographics, comorbidities, length of stay data, discharge disposition, and 90day readmission rates for all patients in the study. Medical comorbidities included in the Charlson Comorbidity Index were noted from the preoperative history and physical examination. The Charlson Comorbidity Index is a measure of a patient's physical health status and has been validated [6] . Discharge disposition from the index hospital admission was classified as home, home with home health assistance, skilled nursing facility, or inpatient rehabilitation facility. In-hospital complications were defined according to a previously published classification and definition [18] . As a measure of socioeconomic status, the patient's zip code of residence was documented and paired with each zip code's median household income according to the US Census Bureau [20] . Patients residing in a zip code representative of the bottom quartile of zip code median household income were defined as being of low socioeconomic status. To normalize costs across insurance carriers, cost data reported to our database included payments to the provider for services at Medicare rates.
The total episode-of-care cost was defined as all costs for the patient from the time of surgery through 90 days postdischarge of the index hospital admission. Inpatient costs included the index hospital admission. Rehabilitation costs were defined as all payments to a skilled nursing facility or inpatient rehabilitation facility. Part B costs refer to the portion of the Medicare Severity-DRG care that would be paid under Medicare Part B and represent outpatient payments, and laboratory and radiology charges.
Of the 216 patients in the study cohort, there were 91 in the health system's bundled-payment initiative (42%) before the start date of the bundle at each institution. Of the 97 revision THAs performed, 35 (36%) were both-component revisions, 12 (12%) were isolated femoral component revisions, 36 (37%) were isolated acetabular revisions, and 14 (14%) were ball head and liner exchanges. Of the 119 revision TKAs, 97 (82%) were bothcomponent revisions, 15 (13%) were single-component revisions, and seven (6%) were polyethylene exchanges.
The most common indication for revision was aseptic loosening (81 of 216 patients; 38%), followed by instability (63 of 216 patients; 29%), and infection (49 of 216 patients; 23%). There were no differences in the types of revision THAs (p = 0.925) or TKAs (p = 0.549) between the bundled and nonbundled groups. The remaining 125 patients were billed according to the traditional fee-forservice model (58%). The mean age for all patients was 67.5 years (SD, 12.3 years). There were 97 (45%) revision hip arthroplasties and 119 (55%) revision knee arthroplasties. The mean length of stay was 4.74 days (SD, 3.4 days). Eighty patients (37%) were discharged to home with or without home health assistance. The mean episode-ofcare cost for all patients was USD 37,959 (SD, USD 17, 647) and the mean Part B charge was USD 5405 (SD, USD 2837) ( Table 1 ). There were 29 (13%) readmissions to the hospital within 90 days. The most common reason for readmission was a wound complication in 18 patients. 
Statistical Analysis
An a priori power analysis was first performed to determine the appropriate sample size for our primary outcome measure of total episode-of-care costs between the bundled and nonbundled groups. Because pilot data from our institution were not available for CMS reimbursements for revision TJA, we chose a standard moderate effect size (Cohen's d = 0.5), detecting a 33% overlap between the two groups [19] . Assuming a Type I error rate of 0.05, at least 64 patients were needed in each group to achieve a power of 0.80. Descriptive statistics were calculated for all patients in the study population (Table 1) . Continuous variables then were tested for normality using the Shapiro-Wilk test and analyzed using the Mann-Whitney U test, because they were not normally distributed. Categorical data were analyzed with a chi-square test to determine any difference between the bundled and nonbundled groups ( Table 2) . To control for confounding variables, a multivariate logistic regression analysis was performed to identify independent risk factors for patients with high costs, defined as falling in the upper quartile of costs (greater than USD 44,564). Statistical significance for all tests was set at 0.05. Statistical analysis was performed using Excel 1 (Microsoft 1 Corporation, Redmond, WA, USA) and SPSS version 22.0 (IBM, Armonk, NY, USA).
Results
We found no difference, with the numbers available, in total episode-of-care costs between the bundled-payment group and the nonbundled group (mean USD 38,107 [SD, USD 18, 328] versus USD 37,851 [SD, USD 17, 208] ; p = 0.984) ( Fig. 1 ). There was no difference, with the numbers available, in the rate of discharge to a rehabilitation facility (59 of 91 patients [65%] versus 77 of 125 patients [62%]; p = 0.729) or costs of postdischarge rehabilitation (mean USD 9871 [SD, USD 12, 174 ] versus USD 8276 [SD, USD 10,642]; p = 0.347) ( Fig. 1A-B The distribution of costs between the (A) bundled and (B) nonbundled revision arthroplasty groups are shown. Although the bundled group had lower index inpatient admission costs (p = 0.030), there was no statistical difference in overall costs. DME = durable medical equipment. 44,564) included disposition to a skilled nursing or rehabilitation facility (odds ratio [OR], 5.49; 95% CI, 1.97-15.15; p = 0.001) ( Table 3) , length of stay 4 days or greater (OR, 3.66; 95% CI, 1.60-8.38; p = 0.002), and readmission within 90 days (OR, 6.99; 95% CI, 2.58-18.91; p\0.001). Age older than 75 years, nonwhite ethnicity, Charlson Comorbidity Index score of 3 or greater, obesity, and low socioeconomic status were not associated with increased episode-of-care costs in our study.
Discussion
Several studies have shown the effectiveness of bundledpayment models for primary hip and knee arthroplasties [3, 8, 10] . However, revision TJA presents a complex set of problems for bundling episode-of-care payments. Because of the inherent higher risk of complications, unpredictable nature of the surgical procedures, and varying degrees of technical difficulty, surgeons and hospitals have reservations about expanding the CMS bundled-payment initiative framework to include revision hip and knee arthroplasties. Revision TJAs have a higher cost burden than primary TJAs [2, 16] , and a few high-cost outliers can severely reduce or even eliminate the hospital's margin on the bundle [15] . We sought to determine whether there were any differences in CMS episode-of-care costs, hospital length of stay, and readmission rate from before and after implementation of our bundled payment program; if there were any differences in reimbursements and resource utilization between revision THAs and TKAs at our institution; and if there were any independent risk factors for patients with high costs who may not be appropriate for a bundled-payment system for revision TJA?
Our study has several limitations. Our cost data included only CMS episode-of-care reimbursement, not the true cost to the hospital or surgeon for each patient. Accurately identifying true costs is difficult to measure, and hospitals may be financially disadvantaged if they enter a bundledpayment arrangement without knowing the true costs for a procedure. We included all patients undergoing revision THAs or TKAs in our analysis, except for one patient with hemophilia. This patient required continuous factor infusion and had a USD 6 million episode-of-care CMS cost. He was excluded from the BPCI after a formal appeal to CMS. Tertiary-care hospitals such as ours will face challenges treating these medically complex patients who can influence bundled-payment arrangement results. Implant costs vary tremendously between an upsized primary and a modular revision component. Perhaps even a single, difficult revision can ruin a bundled-payment arrangement. With more data, payers and policymakers should distinguish between the degree of difficulty and variability of the risk of complications of each revision procedure to fairly compensate and protect surgeons and hospitals. Although powered to detect a modest difference in costs between the bundled and nonbundled groups, the risk of committing a Type II error when interpreting results from differences in the hip and knee subgroups is high. We also included data from two hospitals in our health system, which may have variability in discharge planning and readmission. However, our department attempted to streamline the disposition process for surgeons, social workers, and therapists and raise flags in the electronic medical record for emergency medicine physicians considering readmission at either hospital. Likewise, attempts at standardization protocols have been in place for care pathways at both hospitals. Patient demographics and procedures were comparable between the two hospitals, helping to minimize bias.
The bundled and nonbundled groups had markedly lower costs for revision TJA than the reported mean for a large group of private payers [16] . This is attributable to the standardization of our cost numbers to CMS rates, which traditionally has lower reimbursement than private insurers. The percentage breakdowns, however, were comparable to those of other studies [3, 10] . Bozic et al. [3] reported that postdischarge care accounted for 36% of payments including all primary and revision arthroplasties (DRG 462, 466-470), whereas 37.7% of episode-of-care costs in our series were for postdischarge care. Although we found no difference in total episode-of-care reimbursements between the bundled and nonbundled groups, our institution's BPCI was associated with a decrease in the length of stay, which may translate to lower index hospitalization costs than for the nonbundled group. While other confounding factors can contribute to a decrease in length of stay, the lack of an observed difference in costs is likely representative of the complex and heterogeneous population undergoing revision arthroplasties, and not necessarily a failure of our bundled-payment initiative. A higher readmission rate may be a direct result of squeezing length of stay [7] . The optimal length of stay to minimize 90-day readmissions among patients undergoing TJAs is a complex problem and has yet to be reported in the literature. A recent survey of members of the American Association of Hip and Knee Surgeons [11] showed concern among arthroplasty surgeons regarding access to care in bundledpayment models, because physicians and hospitals may have a disincentive to operate on more medically complex patients. Although our data showed no socioeconomic or demographic bias, further study is needed to determine whether patients of lower socioeconomic status or those with multiple medical comorbidities will face barriers to obtaining revision arthroplasties in the era of alternative payment models. We found no difference in the costs of revision THA compared with revision TKA. We also found no difference in the readmission rates or percentage of patients discharged to a rehabilitation facility. This contrasts with another study, which showed a higher clinical and economic burden for revision hip arthroplasty than revision knee arthroplasty [1] . This result should be interpreted with caution owing to the small sample size for this subgroup analysis, because one cost outlier could substantially affect the results. Our calculation of cost data also was different, as we only looked at direct costs to CMS, not overall insurance reimbursement.
We found that length of stay 4 days or greater, disposition to a rehabilitation facility, and 90-day readmission are risk factors for being cost outliers in patients undergoing revision TJAs. Although these results are not surprising, it is interesting that age older than 75 years, nonwhite ethnicity, Charlson Comorbidity Index score of 3 or greater, obesity, and low socioeconomic status were not associated with increased episode-of-care costs. Our results are in agreement with those of one large series [16] that showed patients who were discharged to a skilled nursing facility and experienced readmission had substantially higher costs of care with revision TJA. A recent study looking at risk factors for readmission and poor outcomes after revision TJA identified advanced age, obesity, and medically complex patients as risk factors for readmission and extended length of stay [12] . More data are needed in assisting surgeons and hospitals to select appropriate patients for alternative payment models in revision TJA.
The start of a BPCI for revision TJA at our institution was associated with a decrease in hospital length of stay but no difference in episode-of-care costs. Owing to the unpredictable nature of the surgical procedures, inherent high risks of complications, and varying degrees of surgical complexity, future studies are needed to determine whether bundling patients undergoing revision TJAs will result in improved care and decreased costs.
